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CHAPTER I 
THE PROBLEM 
The Purpose of the Study 
The purpose of this study was to compile and create 
materials and procedures which relate to a problem-solving 
method of science teaching. 
Justification 
One of the many needs in the school systems of today 
is for better science instruction. With our present way 
of life, there has become an increased aw&reness among 
parents and educators alike, that our world is becoming a 
scientific one. With the advent of rockets, missils, space 
ships, space stations and even men in orbit, methods of 
teaching science as well as the revision of the science 
curriculum have received much more emphasis than in the 
past. The nation has very rapidly awakened to the urgent 
need for trained scientists. For these trained individuals 
a look to the schools, curriculum and method is inevitable. 
The scientific age has brought about many new ideas 
and concepts with respect to what educators should provide 
for the students of today. Because the educational system 
-1-
of this rapidly growing nation is in itself, very rapidly 
changing, there are being presented many varied ideas about 
education and the obligation which must be met. 
1/ 
In this respect Neal says: 
"The primary purpose of science education for 
children is to develop the abilities of the individual 
to solve the problems that confront him. To do this 
he must have a scientific attitude, and understanding 
of the methods of scientific inquiry, and a background 
of knowledge upon which to base his thinking." 
2/ 
Rakestraw - emphasizes a much different point of 
view. He states: 
"The aim should not be to keep up with Russia. 
It should be to arouse and mature the desire to know. 
For knowledge is power, and the present measure of our 
control of nature is the result of what we have come 
to know about it. However, the end objective is not a 
mere comfortable world in which gadgets do the work 
of men. For knowledge is a desirable end in itself, 
2 
and if this is lost sight of the upward surge of the 
human race will stop. This is the lesson we must teach." 
2.1 Mills differs in this respect by stating: 
"Schools everywhere have common obligations to 
the children who have a right to be served by them. 
1. To provide an education which makes sense to 
each individual, one which he can understand 
at every step. 
1/Louise A. Neal, "The Techniques for Developing Methods oJ 
Scientific Inquiry in Children in Grades One Through Six," 
Science Education (October, 1961) 45:313. 
WNorris W. Rakestraw, "The Objectives of Science Educatio.J.'"l.," 
bChool· Science and Mathematics (December, 1958) 58:720-721. 
2/Lester C. Mills and Peter M. Dean, Problem-Solving Methods 
in Science Teaching,l960, The Science Manpower Project, 
Monograph, Bureau of Publications, Teachers College, Columbia 
University, p. 6. 
2. To provide an education which leaves a useful 
residue in the form of attitudes, knowledge 
and skills that make it possible and likely 
that the individual will continue to be a 
self-directed learner. 
3. To provide an education which functions for 
each individual in making a living and in 
leading a life of dignity, satisfaction, and 
usefulness to others." y 
Cline emphasizes that: 
"Arzy practical program of instruction in the 
Junior High designed to promote skill in thinking, 
and eventually to increase skill in the critical 
thinking which is necessary to problem-solving, 
must be again affected by several other factors 
which are becoming more and more apparent to teache~~·s 
concerned with teaching pupils to think. 
These are as follows: 
1. Thinking requires effort. 
3 
2. Learning depends upon background and understanding. 
3. Pupils must be taken at what level of maturity 
or skill in thinking that they have reached and 
carried forward as far as their ability and 
background for thinking will permit. 
4. Skill in thinking depends upon maturity as well 
as mental ability. 
5· Pupils grow in their powers of thought only if 
they are given opportunity to practice the skills 
they are strengthening and developing. 
6. Thoughts and ideas are personal. Should respect 
pupils although may not be ones you want to hear. 
7• Training in clear and critical thinking is not 
an experience reserved for the "gifted" or 
more able pupils. 
8. The teacher who best develops skill in think-
ing and growth in the ability to solve problems 
is one who is an example of success in the use 
of such skills himself. 
9. Finally, teaching critical thinking or provid-
ing experiences in any kind of thinking is most 
successful when such teaching is simple, honest, 
and straightforward." 
1/Don C. Cline, "Teaching Critical 'l'hinking and Problem 
8"olving in the Junior High School," California Journal 
9f ,:3econd&ry Education (February, 1956), 31:113-114. 
4 
It is the opinion of many educators that a require-
ment of education today is to prepare the child to solve 
the problems which he must face now and ultimately. Consid-
ering this to be important we must then realize that in 
science classes pupils must be taught to understand and 
appreciate their environment more fully. Background material 
must be supplied which will be of help to them in under-
standing any future problems with which they may be confront-
ed. Primarily, they must be familiar enough with problem-
solving procedures to recognize the problems which confront 
them. 
Limitations of time, money, space, and size of classes 
play an important role as to what can be taught. The 
limitations of the teacher should not be over looked. Of 
greater importance, perhaps, is the method of instruction 
which is employed. 
Many school science programs now are in the process 
of evaluation and revision. Improvements should emerge in 
terms of method particularly. Improvements in teacher 
training and background will be a concomitant result of 
current research and investigation. 
11 Bloom states: 
"The effectiveness of any science program depends 
largely, perhaps entirely, upon the competency and 
1/Samuel Bloom, "H.ow Effective Is Teaching Science in the 
:~lementary School'?n School Science and Mathematics 
(February, 1959), 59:94. 
the initiative of the individual teacher and her 
professional outlook. When the teacher is dynamic, 
creative, and interesting in doing things, there 
is an outgoing science program. When this spirit 
is lacking, there is an ineffectual program." 
The writer is very much interested in improvement in 
method of teaching. Educators agree that science learning 
should take place with materials which are familiar and 
commonly found in the home, school and in the natural 
environment of the child. The problem-solving approach 
taught initially in the school room situation gives the 
teacher an opportunity to base science teaching on the 
needs, normal interests and experiences of the class. 
The problem-solving approach allows for increased 
emphasis on the democratic processes in helping children 
select and plan work. This particular approach does not 
divorce intergrating science with other subjects if the 
intergration evolves naturally without forcing and arti-
ficiality. Deductive methods may also be utilized if the 
occasion demands this type of teaching procedure. 
Realizing that the wealth of science textbooks, trade 
books, and reference materials which are available today 
govern to some extent the science teaching in the schools, 
it is increasingly important that method is not forgotten. 
A presentation of some current investigation into 
inductive teaching methods and suggested techniques is 
5 
definitely in order. Since evaluation is a necessary part 
of any education, or method, suggestions for pupil evalua-
tion and teacher evaluation are also provided. 
Part II of this study consists of problem-solving 
exercises in six science areas: plant life, animal life, 
magnetism, expansion and contraction, evaporation, and 
suggested specific stories in other areas. Provided also, 
are suggested areas for further study.The story-method is 
used, with accompanying illustrations and suggestions to 
the teacher. 
6. 
CHAPTER II 
REVIEW OF RELATED RESEilliCH 
1. Problem-Solving as a Method of Teaching 
Problem solving ~ ~ teaching method.-- Problem-solving, 
although not a new approach in school teaching, is both 
interesting and appropriate in many instances. Man has been 
solving problems since time began. Recently however, there 
have been attempts to teach the process of problem-solving. 
This is difficult because it is not easy to set up a teach-
ing situation so that each individual is encouraged to think 
for himself about things which really matter to him. When 
the child is personally involved he has a definite purpose 
and a definite goal to set up for himself. The basic facts 
and concepts which are learned in problem-solving will long 
be remembered because in a problem-solving situation much 
needs to be learned in order to accomplish a goal. 
1/ 
Mills- in this respect says: "Problem-solving 
as a way of thinking and a method of teaching is only 
one of many. It must be related to other methods in 
actual practice. This type of thinking occurs only 
when there is a need for it, when the situation is 
baffling or unsatisfying, or that which cannot be met 
by other means." 
1/Lester C. Mills and Peter M. Dean, Problem-Solving Methoas 
in Science Teaehing, 1960, The Science Manpower Project, 
Monograph, Bureau of Publications, Teachers College, Colu;Jbia 
University, p. 3. · 
-7-
There are many different points of view regarding the 
problem-solving method of teaching. In this respect 
1/ 
Hermanowicz- emphasizes: 
"U.ndoubtedly the applications of Dewy's problem-
solving method did much to revitalize the nation's 
classrooms. Problem-solving as a teaching method even 
8 
in its most stylized form was a procedure for improving 
upon the cut-and-dried classroom techniques that largely 
involved an assign-study-recite sequence. The new 
methodology also gave educators some hope for helping 
children learn to deal with a variety of problems and 
situations as an important part of their education in 
a rapidly changing culture. Interdisciplinary experience 
in dealing with significant problems is an important 
educational function that often gets lost in the present 
debate regarding curriculum improvement.u 
2/ 
Raftor - in reference to the problem-solving method 
states: "Science educators have long advocated the teaching 
of science in a way which will help students develop a 
method of thinking about their everyday life problems. This 
is the scientific method of problem solving." 
2.1 Bleifeld differs in this respect: 
"If a teacher wishes to have his pupils participate 
in problem-solving situations in science, it is obvious 
that he must draw the curtain on the teacher-centered 
stage, and help the pupils move into an atmosphere 
where the spotlight is on them." 
l/Henry J. Hermanowicz, "A Critical Look at Problem Solving 
~s a Teaching Method:' Educational Leadership (February, 1961), 
18:303. 
2/Christopher R. Raftor, "A Comparison of the Relative 
Effectiveness of ~wo Methods of Teaching a Course in Physical 
3cience to Sophomore College Students," Science Education 
(March, 1961), 45:164 • 
.?/Maurice Bleifeld, "Readiness in Problem Solving, "The 
Science Teacher (October, 1959), 26:447. 
,.., 1/ 
Alice Miel states that: 
"Knowing how to inform oneself on a problem, 
knowing how to put this knowledge to work in 
formulating alternative solutions, and knowing 
how to test for possible consequences of a proposed 
solution are of little use if an individual does not 
trust his own informed judgement, does not see himself 
as an independent decision maker, This attitude must 
9 
be reinforced, not denied, through elementary education." 
Steps !B using ~ problem solving method.-- There 
are many types of problems which may be utilized; however, 
it is possible that each type may involve different steps. 
The more difficult the problem, usually the more steps will 
be involved in reaching the solutions. y 
Nelson states that: 
"There is no one scientific method, there are 
many scientific methods. It is true, however, that 
when one refers to the term "scientific method," one 
usually thinks of the scientist who: 
1. Becomes aware of the problem. 
2. Defines the problem and gets as much 
information about it as possible. 
3. Thinks out many possible solutions. 
4. Performs many carefully planned experiments. 
5. Gathers data with his judgment suspended 
until all 6f the facts have been gathered. 
6. Verifies his experiments by repeating them 
and only then, is he ready to come to a 
conclusion based on his evidence." 
!/Alice A. Miel, "Elementary Education In Toda;y"s World, 11 
Childhood Education (October, 1960), 3?:63. 
2/Pearl Astrid Nelson, "Problem-Solving in Science," 
Massachusetts Teacher (February, 1962), 41:11-12. 
1/ 
Mills- lists the steps as follows: 
1. "A difficulty is recognized. 
2. The problem is clarified and defined. 
3. A search for clues is made. 
4. Various suggestions are made, and are 
evaluated or tried out. 
5. A suggested solution is accepted or the 
thinker gives up in defeat." 
2/ 
Pella - states, "The general principles of the 
experimentation consists of the following: statement of 
problem, hypotheses are formulated, design of the working 
plan or experiment." 
21 Turner uses the following diagram to illustrate 
the problem-solving method. 
synthesize 
___ , 
1/0p. cit., p. 3. 
e 
systematic-unsystematic 
l-. problem solving 
individualized-group 
test 
hypotllesis experiment 
2/Milton 0. Pella, "Criteria For Good Experimental Research 
In The Teaching Of Science, .. Science Education (December, 
1961), 45:396 • 
.2,/G. C. Turner, "Problem Solving: A Changing Concept, 11 
The Science Teacher (November, 1957), 24:339. 
1/ 
Turner- states: "Some o:f all techniques in this 
diagram may be incorporated in a problem solving situation. 
The amorphous structure is to connote that no order is 
necessarily :followed when actively solving a problem." y 
W. C. Van Deventer in his article emphasizes the 
following as definite steps in problem-solving. 
1. "An individual is confronted with a ne'wv situation, 
or with a modification of an existing situation, 
such that a challenge is presented. 
2. The individual surveys the situation as well as he 
can. 
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3. He draws upon his past experience and that of others 
for whatever may bear upon his problem. 
4. Then he sets up one or more tentative solutions 
and tries out the most promising one. 
5. If the solution is successful he goes on his wsy, 
the problem is solved. 
6. If it is not successful, he adds the result of the 
unsuccessful attempt to his experience, and on this 
basis sets up a new or modified solution. 
7. Once a solution is reached, it is reused whenever 
the same or a similiar problem arises." 
The problem-solving method.-- The problem-solving method 
is one of many methods. If a teacher tries to use this 
approach entirely she will find she may have difficulty. 
One must also use other methods and techniques to accomplish 
the end results. Some of the many other methods which might 
be used in certain given situations are: lecturing, discussing, 
1/0p. cit., p. 339. 
2/W. c. Van Deventer, "Common Denominator for Scientific 
Problem Solving,n The Science Teacher (February, 1960), 
27:41. 
demonstrating, and reading as well as written assignments. 
Problem-solving may be confusing to teacher and student 
alike if not handled properly. Probably one of the most 
difficult points for beginners, is the recognition of the 
problem initially. There are often hundreds of problem 
situations in which the teacher and the student fail to see 
and recognize the problem in front of them. The teacher has 
to train himself to recognize the problem when it is present. 
The pupils must be taught to recognize the problem ~hen it 
confronts them. This is one important step in utilizing this 
particular method of teaching. The teacher may also find it 
necessary to set u~ problem-solving situations·for the group. 
Then he must train himself so that he will watch for the 
growth of pupils and an awakening of their special abilities. 
Many teachers today are very familiar with the usual 
procedure of lecture, discussion, and demonstration 
techniques in teaching, but many opportunities and situations 
may be overlooked where problem-solving could be employed. 
As the pupils in the class become more familiar with 
the steps involved in the problem-solving method and with 
the thinking processes involved,it is possible that they 
will meet with more success. It is certain that a pupil 
cannot be expected to solve a problem for the first time 
and come out with as much success as one who has experienced 
the problem-solving method before. 
To insure early training in problem-solving, work may 
start as early in the lower grades as seems beneficial. 
In the lower grade~problems of a biological nature are 
most rewarding. Pupils are very much interested in living 
things at this point of their development. The science 
program,whether it is using the problem-solving method 
alone or in combination with other methods should be one 
of flexibility. It should allow the teacher time to impart 
his knowledge as well as time for pupil specialties. Teacher 
-pupil planning is of uttermost importance in a science 
program. 
When pupils first begin this type of learned experience, 
the problem situations must be chosen wisely. 
1/ 
Mills - states: 
"When selection is limited by the short 
attention span of the young child and his 
inexperience with resource materials, as in the 
case of the elementary school pupils, the problems 
must be simple and easily solved. Success at this 
level encourages further problem-solving. Construction 
problems solved by careful observation and manual 
skills have been suggested even for the kindergarten 
level.u 
1/Mills, op. cit., p. 5. 
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As the background of the pupil is increased through 
his every day experiences, through reading, research, and 
through conversation, he will probably be able to experience 
more success as time progresses with less and less super-
vision from the instructor. 
In the training of students, some idea of the abilities 
of the pupils and their background must be known and 
recognized. It should be determined initially if the 
children have had any previous experience vli th problem-
solving. 
~ problem-solving approach.-- The problem-solving 
approach is something which a teacher prepares carefully. 
There are at least two different types of readiness in 
problem-solving teaching. One involves readiness through 
a particular classroom atmosphere. Another involves 
readiness through a class exercise or exercises. Readines~ 
is of upmost importance if success is to be obtained. 
There are several different approaches used by the 
classroom teacher involved with the problem-solving 
method. y 
Nelson lists the following as some of the techniques 
~;vhich might be employed by a teacher using the problem-
solving approach. 
yQE_. cit., p.ll. 
,., 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
15. 
"The teacher works in small groups, or teams, and 
each team has a definite problem to solve or 
investigate. 
In many situations, the teacher avoids giving the 
answer. 
The teacher plans experiences, emphasizing the need 
for delay in decision-making until the correct 
information is found. 
Trials can make for errors or successes; many 
problems come from the so-called "failures." 
A resource person is often used, and the children 
are prepared in advance to use this person to 
obtain required information. 
The students are not reluctant to ask out-of-school 
persons for help on a problem. 
Often, "problems" are not solved for many days. 
To make a problem clearer, or to "define" it, 
sometimes a field trip is necessary. 
Students often have to write for written assistance 
on a problem. 
Both the teacher and students often take looks 
backward for purposes of review and evaluation. 
The teacher emphasizes the need for keeping 
accurate written records. 
The teacher and students are continuously striving 
to consider whether a possible answer is "fact or 
opinion." 
Critical thinking is constantly employed. 
Prejudice and error-in-bias are always under 
surveillance. 
The importance of open-mindedness is emphasized. 
The teacher re-states the problem and tries to 
have the child do the same. 
nwhat do you think?" (drawing a hypothesis) is 
constantly repeated by the teacher and pupils. 
Mechanistic causal relationships are accepted if 
they are recognized as such. 
The teacher tries to train the senses of the 
students by carefully planned activities. 
The teacher encourages science specialties, and 
tries to identify science-mindedness. 
The students never feel rushed with any activity; 
they are often given "free time" to engage in 
their own specialties or interests. 
22. Science material is easily accessible; it is not 
stored in locked cabinets and closets. 
23. Long-term science activities are encouraged. Some 
group or term projects may last for many months. 
16 
24. The problems that the children solve are real and 
meaningful. They are also within the ability range 
of the students. 
25. The elementary science program includes many 
firsthand experiences with concrete objects. Films, 
filmstrips and other audio-visual materials are 
constantly being employed. 
26. Often, small side problems emerge, which are 
studied by special student-teams. 
27. Sometimes role-playing is used as a method of 
solving a problem. 
28. For the safety of the individual student and the 
class, children are not permitted to use an open 
flame or certain chemicals without the teacher 
being present. 
29. At the end of the science period or activity, all 
materials are returned to their proper places, and 
the work-material cleaned up. Often certain 
committees have charge of equipment and clean ups. 
30. The teacher urges the students to put main ideas 
from books into their own words, and not merely to 
parrot unfamiliar words and ideas. 
31. The pupils learn to test themselves constantly, 
and especially soon after material is learned. 
32. Sometimes children are encouraged to probe in a 
scientific discipline to appreciate something of 
its inner consistency. 
33. The teacher recognizes that probably his class 
has not been trained in problem-solving when he 
first meets then at the beginning of the school 
year. Thus, through class-exercises carefully 
planned by the teacher the child learns to think 
through a problem. 
34. The students learn that it is important to have 
all the facts in a problem before it can be 
solved. 
35. The teacher often uses the words, "'l'ell us" (and 
not "Tell me") when asking a student his opinion 
or his findings. 
36. Sometimes the teacher asks the students what they 
think a homework assignment might be. Likewise the job for the next day is discusses.lf 
17-
Problem-solving situations.-- For effective problem-
solving the teacher should know how to create the classroom 
environment which will encourage problem-solving situations. 
There are many ways in which these situations may emerge. 
They may stem from a question by the students, they may 
arise from something which a pupil has read or heard about 
in connection with current happenings, or may develop through 
hobbies. 
Sometimes the teacher may find it necessary to set up 
a problem-solving situation. This can be done more effectively 
in some fields of study than others. In science,situations 
may emerge as experiments which do not produce the answers 
they were suppose to produce. 
Many subject matter areas in science teaching lend 
themselves well to the problem-solving method. However, it 
should not be assumed that the method of solution would be 
the same in each area. It is true that one might not expect 
to solve a problem in the same manner in social studies as 
he might in science. Neither should one expect to solve a 
problem in the same way in all fields of science. A problem 
in astronomy or anatomy might not stimulate problem-solving 
activities as much as in chemistry, biology, and physics. 
In considering a problem and the method one is going to 
use to solve it, the materials at hand must be considered 
carefully. 
18• 
Froblem-solving misconceptions.-- Misconceptions about 
what problem-solving really is may be a major reason why 
it is not more widely used in the schools as one of the 
methods of teaching. 
1/ 
Gross - lists the following common misconceptions in 
regard to the problem-solving method of teaching. 
1. "Problem solving is not studying about a problem. 
2. Problem solving is not the teacher answering or 
pre-solving the problem for the class. 
3. Problem solving is not "real" when the problems 
are not accepted by the pupils as their own. 
4. Problem solving is not successful when the 
majority of the problems studied are unsoluable. 
5. Problem solving will not be satisfactory if pupils 
action does' not ensue after formation of the class 
plans for resolution of the issue. 
6. Problem solving often will not succeed because the 
group was forced to think and act carefully in 
terms of any one of the five steps of reflective 
thought. 
7. Problem solving cannot be termed adequate when the 
solution agreed upon is likely to lead to a greater 
problem or problems or if it is unacceptable to a 
large group." 
2/ 
In this respect Keeslar- states: 
"As I see it, the controversy hinges about thret: 
simple and basic questions; (1) Is there such a thing 
as scientific method? (2) If so, can it be taught? 
(3) Furthermore, can it be applied to human problems 
outside the realm of science?" 
1/Richard E. Gross, "Problem Solving, Why it Isn't and What 
it is," California Journal of Secondary Education (February, 
1956), 31:168-169. --
g/Oreon Keeslar, nThe Science Teacher and Problem Solving," 
The Science Teacher (February, 1956), 23:13. 
19 
Problem solving abilities.-- Specific abilities involved 
in problem solving are many. (This analysis has been abstract-
ed from the doctoral thesis of Louis Teichman, entitled, 
Ability of Science Students to Make Conclusions, Ph.D. Thesis, 
New York University, 1942.) 
A. Perceiving a Problem 
1. Ability to recognize a conflict with previous 
experience 
2. Ability to select problems from groups of 
statements 
3. Ability to state problem in his own words 
4. Ability to define the problem 
5. Ability to break up large problems into their 
smaller constituent problems 
6. Ability to select the pertinent part of a problem 
7. Ability to select a problem from a paragraph 
B. Relating to Previous Experience. 
8. Ability to recall facts 
9. Ability to recall generalizations 
c. Formulating Hypotheses 
10. Ability to infer 
11. Imaginative ability 
12. Ability to select most logical guesses 
13. Ability to discard illogical hypotheses 
14. Ability to relate cause and effect 
15. Ability to differentiate among hypothesis, fact, 
superstition, and theory 
16. Ability to recall related experiences 
17. Ability to classify 
18. Ability to state hypotheses 
D. Testing the Hypotheses 
19. Ability to organize data 
20. Ability to recognize fallacies and contradictions 
21. Ability to establish experimental controls 
22. Ability to manipulate 
23. Ability to differentiate between procedure, 
observation, and inference 
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24. Ability to use scientific a9paratus 
25. Ability to use measuring instruments 
26. Laboratory resourcefulness 
27. Ability to recognize the adequacy of proof 
28. Ability to devise experiments 
29. Ability to discard irrelevant hypotheses 
30. Ability to observe accurately and completely 
31. Ability to invent check experiments 
32. Ability to isolate the experimental factor 
33. Ability to persist in the search for facts 
34. Ability to predict 
35. Ability to perceive resemblances and configurations 
36. Ability to make comparisons 
37. Ability to question data 
38. Ability to assess the reliability of authorities 
E. Deriving a Conclusion 
39. Ability to generalize from specific data 
40. Ability to relate conclusions to the original 
problem 
41. Ability to understand the relationship of facts 
to larger items 
42. Ability to interpret experimental data 
43. Ability to summarize data 
44. Ability to state conclusions 
45. Ability to base judgmentc on facts 
46. Ability to judge adequacy of facts 
47. Ability to evaluate conclusions in the light of 
facts 
F. Application 
48. Ability to identify a principle or principles 
used in a given case 
49. Ability to use generalizations in interpreting 
new situations 
G. Other Related Abilities 
50. Ability to understand mathematical relationships 
51. Ability to use mathematical techniques 
52. Ability to interpret pictorial material 
53. Ability to work in a neat and orderly fashion 
54. Ability to get meaning from new material (general reading ability) 
55. Skill in getting the sense of a written message 
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56. Ski 11 in writing 
57. Skill in speaking 
58. Skill in the use of library facilities 
59. Ability to read for understanding 
60. Ability to read for retention 
61. Ability to skim 
62. Ability to interpret graphic materials 
63. Ability to use the dictionary 
64. Ability to understand scientific terms. 
Individual differences ~problem-solving abilities.--
The question of individual differences is one which must be 
considered. If the class is to be considered the normal with 
individuals of all different abilities, it will be discovered 
that a problem confronting one student will be different 
from that which confronts another student • 
.v Mills explains that: "A genuine problem for a student 
exists when something, no matter how slight or common place 
in character puzzles or perplexes him, when something appears 
to him as unexpected, strange, or disconcerting." 
With the problem-solving method of teaching, the teacher 
must consider the individual differences of the class. The 
variety of problems which are used, would depend upon these 
differences. 
2/ 
Mills - states: 
"The fact that problems are truly problems to 
some but not all members of a class at any one time 
leads to certain difficulties. It is at this point 
that the teacher is encouraged to put into practice 
1/0p. cit., p. 3. 
2/Ibid., pp. 9-10. 
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what is known about individual differences. Ideally, 
the problem-solving situation permits the teacher to 
separate the scientifically gifted from less interested 
students. Some problems of the casual student have 
already been solved by the gifted, who, in turn, hav.e 
progressed to more advanced problems. But problem-
solving is appropriate for both groups of students, 
although the complexity of the problems they deal 
with may differ." 
Once a familiarity has been established with the 
students and their abilities, the teacher could set up 
problems which would fit these needs. Certainly all members 
of a class would not be expected to work on the same problem 
at the same time regardless of his ability. 
Todays teachers are in the eyes of the public. School 
administrators know they are expected to provide special 
trained people to enrich the program and proceed so that 
we turn out the best possible results. There are many 
problems which this eagerness brings about. y 
Tanzer in this respect states: 
11 A major problem arising from the current 
reappraisal of science education is the danger 
that in our eagerness to raise standards for the 
average and above average student, we loose sight 
of the needs of a large segment of our pupil 
population." 
1/Charles Tanzer, "Utilizing Our Total Educational Potential: 
~cience For the Slow Learner," School Science and Mathematics 
·(February, 1960) , 60 : 181. 
2. Pupil Evaluation,as Considered in 
Problem-Solving Methods 
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Pupil Evaluation.-- Today some teachers find themselves 
hesitant to try a new method of teaching. This is especially 
true when methods of evaluation are considered. 
1/ 
Mills - states: 
"Finding out how well the students have achieved 
the stated objectives of study, and discovering how 
effective a particular program or way of learning has 
been, is a very important part of teaching. It is not 
enough to institute a new approach, or a new method, 
or even a new syllable; the teacher must prove to 
himself that his students have made sufficient progress 
to justify the use of the particular materials and 
methods. Without this assurance, favorable impressions 
of teachers, even though widespread, are open to 
question." 
If the teacher is able to establish a satisfactory 
evaluation program this should serve to determine the areas 
where the students need more help and also point up the 
areas that the pupils have mastered. 
2/ 
1\'Iills- in this respect states: "The teacher will find, 
on examining student papers, tests, and other work, evidences 
of strengths and weaknesses in his teaching as well as in 
individual student progress." 
The testing program probably should include more than 
formal tests. The teacher should make his own observations 
1/0p. cit., p. ?4. 
2/Ibid., pp. 74-?5. 
and compile annectodal records of contributions given by 
students in team work and also contributions which the 
pupil offers beyond the class assigned tasks. 
1/ 
Mills- in this respect specifies: 
"There are a number of approaches available to 
the teacher who wishes to evaluate problem-solving 
abilities. First, there are certain practical 
examinations, group examinations, and objective 
tests which are available commercially. And, second, 
the teacher may develop similar instruments modified 
in terms of his own instructional problems." 
An example of a practical evaluation which could be 
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used effectively is one which presents a situation in which 
the student might need to act immediately. This might emerge 
from a study of magnetism. Different problems are set up 
about the room for the pupils to solve individually. Two 
pieces of metal might be placed on a table. The pupils 
would be instructed to discover which one of the pieces is 
magnetic. In this case, pupils might find a compilation of 
metals with which to work. 
Another example of this type of examination is given y 
by Maurice Bleifeld in an article entitled 11Readiness 
in Problem Solving." A battery jar of water is exhibited 
in which a goldfish is seen floating on its side. Two wires 
1/0p. cit., p. ?6. 
2/Maurice Bleifeld, "Readiness in Problem Solving," 'I·he 
Science Teacher (October, 1959), 26:407. 
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in the water, lead to a dry cell. A card bears the questions: 
\Vhat do you see? What is your explanation? 
Considering this to be the first experience of the 
class with problem-solving, the initial comments are very 
likely to suggest that the goldfish had been electrocuted. 
However, if this is not the first attempt at problem-solving, 
conclusions will not be formulated until they have been 
tested. 
The teacher can do much in this type of situation. He 
can show that the dry cell is not functioning by attaching 
it to a bell. Obviously, then, the dry cell could not have 
electrocuted the fish. There is however, still a question 
as to what happened. Inquires can be made whether the fish 
is actually dead. 
It is not difficult to evaluate a pupils answer on an 
item which is a matter of recall; eYaluation of a pupil's 
problem-solving ability becomes more complicated. 
Teacher evaluation.-- One method which may be of value 
to the teacher who is experienced with problem-solving is 
suggested by the United States Office of Education. 
!I Mills list is presented in a slightly altered form from 
the original. 
1/0p. cit., pp. 85-86. 
A. Sensing and Defining Problems 
To what extent do you: 
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1. help pupils sense situations involving personal 
and social problems? 
2. help pupils recognize specific problems in these 
situations? 
3. help pupils in isolating the single major idea 
of a problem? 
4. help pupils state problems as definite and 
concise questions? 
5. help pupils pick out and define the key words 
as means of getting a better understanding of 
the problems ? 
6. help pupils evaluate problems in terms of personal 
and social needs? 
7. help pupils to be aware of the exact meaning of 
word-groups and shades of meaning of words in 
problems involving the expression of ideas? 
8. present overview lessons to raise significant 
problems? 
9. permit pupils to discuss possible problems for 
study? 
10. encourage personal interviews about problems of 
individual interest? 
B. Collecting Evidence on Problems 
To what extent do you: 
1. provide a wide variety of sources of information? 
2. help pupils develop skill in using reference 
sources? 
3. help pupils develop skill in note taking? 
4. help pupils develop skill in using reading aids 
in books? 
5. help pupils evaluate information pertinent to 
the problem? 
6. provide laboratory demopstrations for collect-
ing evidence on a problem? 
7. provide controlled experiments for collecting 
evidence on a problem? 
8. help pupils develop skill in interviewing to 
secure evidence on a problem? 
9. provide for using the resources of the community 
in securing evidence on a problem? 
10. provide for using visual aids in securing 
evidence on a problem? 
11. evaluate the pupils' ability for collecting 
evidence on a problem as carefully as you 
evaluate their knowledge of facts? 
C. Organizing Evidence on Problems 
To what extent do you: 
1. help pupils develop skill in arranging data? 
2. help pupils develop skill in making graphs of 
data? 
3. help pupils make use of deductive reasoning in 
areas best suited? 
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4. provide opportunity for pupils to make summaries 
of data? 
5. help pupils distinguish relevant from irrelevant 
data? 
6. provide opportunity for pupils to make outlines 
of data? 
7. evaluate the pupils' ability to organize evidence 
on a problem as carefully as you evaluate their 
knowledge of facts? 
D. Interpreting Evidence on Problems 
To what extent do you: 
1. help pupils select the important ideas related 
to the problem? 
2. help pupils see the consistencies.and weaknesses 
in data? 
3. help pupils state relationships as generalizations 
which may serve as hypotheses? 
4. evaluate the pupils' ability for interpreting 
evidence as carefully as you evaluate their 
knowledge of facts? 
E. Selecting and Testing Hypotheses 
To what extent do you: 
1. help pupils judge the significance or pertinency 
of data for the immediate problem? 
2. help pupils check hypotheses with recognized 
authorities? 
3. help pupils make inferences from facts and 
observations? 
4. help pupils devise controlled experiments 
suitable for testing hypotheses? 
5. help pupils recheck data for possible errors in 
interpretation? 
6. help pupils recognize and formulate assumptions 
basic to a given hypothesis? 
7. evaluate the pupils' ability for selecting and 
testing hypotheses as carefully as you evaluate 
their knowledge of facts? 
F. Formulating Conclusions 
To what extent do you: 
1. help pupils formulate conclusions on the basis 
of tested evidence? 
2. help pupils evaluate their conclusions in the 
light of the assumptions they set up for the 
problem? 
3. help pupils apply their conclusions to new 
situations ? 
4. evaluate the pupils' ability to formulate 
conclusions as carefully as you evaluate 
their knowledge of facts? 
SUMMARY 
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Recent research strongly indicates an ever-increasing 
need for new and improved methods of science teaching in 
the public schools. The problem-solving or inductive 
method has been advocated as superior to the deductive or 
lecture demonstration method by many educators and 
investigators. It apparently has several advantages over 
the traditional method, one advantage being that inductive 
teaching stimulates pupil thought processes more effectively. 
Une disadvantage may be the increased amount of time which 
is required to insure this thinking process. 
·PROBLEM ST0RIES 

We know magnets will pick up iron and steel objects 
and also alloys of these materials. A science class in 
testing several different materials found that a magnet 
would pick up the following: pins, bolts, needles, iron 
filings, tacks, and a nail. Much to the surprise of the 
class they found that the magnet would pick up a tin can. 
Why did the magnet pick up this tin can': What things 
do we need to consider before we are able to make a state-
ment which will answer our problem? 
·------~ ·- _ __,. "";-·--_..... .. - -~ --- .... 
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During a shopping trip in a local department store,Joe 
decided to look at the tools. He noticed many of the hammers 
had a sign attached which read, "Magnetic Head." The sales-
man told Joe the magnetic head on the hammer prevented many 
people from pounding their fingers. Joe tried to puzzle 
out just how the hammer works. 
Could you explain how the hammer would prevent people 
from pounding their fingers? How could you prove that your 
answer is correct? 
- ~ --- -· -- -- - ... -- --- ~~-- --- - ----------
One afternoon Mrs. Gray and her class took a trip to 
the library. Some of the children selected books to carry 
back to the school with them. 
Timmy discovered a book of short stories which seemed 
to appeal to him. As he read the stories, he found they 
were very interesting. One story in particular dealt with 
earlier times in which a man used a magnet to steal coins 
out of the pockets of people on the streets as they passed 
by. 
Timmy could not decide if this could be a true story 
or not. He thought about several experiments which he could 
try to test the story. 
Can you think of experiments which you might try in 
solving this problem? 
33 
34 
Mrs. Smith proved to her class that iron is attracted 
by a magnet. The class tried several experiments to check 
carefully. Several class members volunteered to bring objects 
of iron to school. They still wished to make further tests. 
Tommy arrived with several pieces of iron rust which he 
had removed from different pieces of machinery about the 
farm. Mrs. Smith explained to the class that iron rust was 
a combination o£ iron and oxygen, but that even with a magnet 
she would not be able to separate the iron from the oxygen. 
Why wouldn't the magnet separate the two materials? 
- .._::: 
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Dan received a compass as a birthday gift. He had an 
enjoyable time showing the compass to all his friends. They 
were quite surprised to find out that a compass is really a 
magnet which is allowed to swing freely. Dan said, "A CO.liipass 
such as this is not very accurate. It doesn't point true north. 11 
Jake was quite upset by this. 
Jake said, "It does too. My father uses a compas[: to 
find his way in and out of the '.":oods T,~;hile hunting. I know 
it points true north." A big argument developed. Jake decided 
he would find proof that Dan was wrong. 
Which boy do you think was correct? Why? 
One day while playing outside in the sand, Tommy's 
little sister got something in her eye. 
Tommy's mother said, "She probably has sand in it. I 
will see if I can get it out." 
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Mother tried very carefully to get the particles out 
of Pam's eye with a clean handkerchief. The particles could 
not be removed. Mother placed a clean handkerchief over 
Pam's eye and said, "We shall go to see Dr. Brown. He will 
help us." 
Dr. Brown examined Pam's eye very carefully and said, 
"I think I can remove the particles without any difficulty 
if this is who.t I think it is." 
He went to his cabinet and returned with a :magnet. 
He removed the particles from Pam's eye by using the magnet. 
Why was Dr. Brown able to remove the particles from 
Pam's eye with the magnet? 
ELANT LIFE 
One Saturday morning Tom helped his father plant 
tomato seedlings. Suddenly Tom noticed that all the little 
plants were drooping. He became very upset and asked his 
father if the plants were really dying. 
Father replied, "This always happens, Tom, when plants 
are first put in the ground." Tom could not understand tl1is 
because they were so strong and healthy looking in the box. 
He tried to understand why this should happen. 
Can you help Tom.with his problem? What could Tom and 
his father do next time to prevent the tomato plc::nts from 
drooping so much? 
------ ~------------------
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Joe had two chores to do during his summer vacation. 
These were to mow the lawn and to water it when necessary. 
Joe enjoyed watering the lawn especially, but it 
seemed to him that it was a waste of time to put the hose 
away each time he finished. One late afternoon as he finish-
ed watering the lawn he neglected to put away the hose. It 
was not necessary to water the lawn again for four days 
because of rainy weather but of course the grass grew even 
more rapidly. Joe definitely needed to mow the lawn again! 
He picked up the hose he had left on the grass. Much to his 
surprise the grass under the hose was very yellow. 
Why was the grass yellow? What does this tell us about 
one of the basic requirements of all living things? 
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Mrs. Davis received a bouquet of white carnations for 
her birthday. She carried a few of the carnations to school 
for the class to enjoy. Billy said, "Iv'ly mother had a bouquet 
of pink carnations last year. I think they are pretty." 
Mrs. Davis said, "I can make these into pink carnations 
if I want to. 11 
Billy was very much surprised at this. "Oh no," ne 
said. "Mother's grew that color." 
Mrs. Davis agreed, "That is true Billy, but tonight I 
will take these home and when I come back tomorrow I will 
have a pink carnation, a green carnation, a blue carnation, 
and one which is half red and half gree11.. " 
Billy could not understand just what Mrs. Davis 
intended to do. 
The next morning when he arrived at school, much to his 
surprise Mrs. Davis had the colored carnations as she had 
\ 
promised. 
Billy began to wonder just how this happened. Can you 
help Billy? 
' 
c:J 
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EXPANSION AND CONTRACTION 
Mary decided to choose canning for her Girl Scout 
project. She wanted to preserve several different types 
of fruit. Very carefully she worked to fill her jars to 
the top with the fruit and syrup. When the time arrived for 
Mary to exhibit her work, the jars were not nearly as full 
as when she put them away. 
Do you know the chain of events which led up to this 
change? What scientific principle will explain this? 
--
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Mr. Jones, who lives in a part of our country where 
we have very cold nights and hQt days, filled the gas tame 
of his car one evening. His car was parked in the sun all 
the next day. When he returned to his car there was a 
large puddle on the ground. Upon investigating further, 
he found the gas had escaped around the gas cover and had 
run down the side of his car. 
What happened to cause this? What other instances can 
you mention where this same principle is involved? 
Jim and Jake decided to play football one cold 
afternoon. Both boys had enjoyed the football season and 
thought they would like to improve their skill. Jim soon 
discovered his football was very soft. The boys could not 
find a leak which would allow the air to escape. 
What reason could you give for the apparent loss of 
air in the football? What scientific principle would this 
involve? Can you think of an experiment which would prove 
your answer? 
~\)/; 
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One evening while sitting in front of the fireplace 
Jeff and his parents decided it would be nice to pop some 
corn. Jeff proceeded to get the old corn popper and the 
corn. As he held the popper over the fire, he stared in 
amazement at the big, white, fluffy kernels 1Nhich erru:pted. 
Jeff wondered why it was possible for all this to be enclosed 
in a kernel as tiny as the ones he had put in the popper. 
Could you solve his problem? Could you make a state-
·ment or two which would explain what happened inside the 
kernel as it was held over the fire to pop? What scientific 
principle is involved here? 
----· 
Joe and his friends have fixed up an old car to run 
around in. They decided to pack the old car and go on a 
camping trip. As they were puttering along up the hills 
the water in the engine started to boil. The boys pulled 
over to the side of the road to investigate. They wanted 
to know what would make the water in the engine boil this 
way. After giving some thought to the problem they came 
up with an answer. 
Are you able to solve the problem? What scientific 
principle will explain this situation? 
Upon returning home from visiting grandmother one week 
end, the Jones Family discovered that they neglected to c2ll 
the milk man and cancel their milk delivery. The milk was 
frozen and the caps on the bottles were two or three inches 
above the top of the bottles. What caused this to happen! 
What weather conditions were present over the week end? 
What scientific principle is involved in this situation? 
JJ..V.APORATION 
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One cold wintry afternoon Tommy and Billy were walk-
ing home from the movies. As they approached Billy's house, 
he said, "What huge icicles are hanging on the northern 
side of my house." 
Tommy said, "Let's see if we can get some down with-
out breaking them! 11 
As they approached the spot where the icicles hung, 
Billy was amazed to see how short they were. He couldn't 
believe his eyes. 
Billy said, "What could have happened to the icicles? 
They were here yesterday and it has been too cold for them 
to melt." 
Do you know what happened to the icicles? Why did 
they become smaller? Can you make a statement which would 
explain this situation? 
50-
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that most of the water which falls as rain was once salty 
water in the ocean. When the next rain came the class 
decided to catch a sample to see if it had a salt content. 
They soon discovered that the rain water was not salty. 
What removed the salt from the rain water? Can you 
make· a statement which will explain this scientific principle? 
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Patty quickly bundled up one cold wintry day to help 
her mother hang the clothes on the line to dry. They soon 
discovered it was very cold outside. The clothes seemed to 
~reeze as they were being pinned to the lines. Patty said, 
"These clothes will never dry on such a cold day." 
Mother replied, "Certainly they will. The clothes will 
~reeze first but will dry afterwards.u Patty was puzzled by 
all this. 
What did her mother mean? How could this be possible 
on such a cold day? What principle of science do you need 
to know to solve this problem? 
I!!OSTON UNIVERSITY 
EDUCAHON LIBRARY 
51 
'\\~~ .] 
I . ....--
Upon returning home-from schoo one afternoon Jane 
discovered her mother did not feel well. Jane decided she 
would help with the dinner. She peeled the potatoes, put 
them in a pan, added water and placed them on the stove to 
cook. Jane continued with her preparations for dinner. 
Sometime later a strange odor filled the kitchen. Something 
was wrongl 
What chain of events lead up to this strange odor? 
Can you make a statement which would apply in all such 
problems? 
.... -
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Before carrying out an experiment in class, Sue found 
she needed to fill the alcohol lamp. As she attempted to 
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put more alcohol in the lamp, some got onto her hands. Sue 
thought, "How nice and cool this feels!" She wondered why 
the alcohol should have such a cooling effect on her hands. 
Sue decided to tell the class about her experience 
with the alcohol. No one could explain the cool feeling 
she experienced. 
Could you help Sue find the answer to her problem? 
What scientific principle does Sue need to know? 
ANII»1.A.L LIFE 
' 
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Some students volunteered to bring into the classroom 
several different types of invertebrate animals to observe. 
The class planned to work with invertebrates and try to 
observe the animals to see the different characteristics 
which they have. One of the students brought in an animal 
which had a segmented body and three pairs of legs. The 
student said he had a measuring worm. 
After the group observed the animal for a short time, 
one of the students thought about the characteristics of 
the worms and began to wonder if this could be a measuring 
worm after all. They decided it would be best to check with 
their books on identification. 
Would you agree this is a true worm? Why did you make 
your choice? What characteristics 
\,"" """" ( ( 
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do worms have? 
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Tommy and Dale Smith were playing in their yard when 
Dale noticed several worm-like creatures crawling on the 
willow trees. Dale said, "Look at the worms eating our trees. 
Yfe better call Dad." 
The two excited boys pointed the creatures out to their 
father. "These creatures would make interesting animals to 
observe," he said. 
With Dad's help the boys placed a few of the animals in a 
container with several willow leaves for food. Tommy and 
Dale cared for the creatures for some time. The animals 
were black, then red, and then green. They shed their skin 
several times. 
Dale said,"These animals certainly are strange worms." 
Tommy replied, "These are not worms, Dad told me so." 
Dale still felt pretty sure these were worms because 
they looked like worms and crawled around like worms. Dale 
said, "I shall find out just what I have in the container.'' 
What do you think these strange creatures were? What 
clues lead you to your answer? 
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Sam and his two friends were lying on the bank o.f a 
stream fishing. It was a very lazy summer day. The boys 
thought this would be the life. No work, no school, just 
fishing! Soon the boys were discussing many things which 
had happened during the school year. 
About this time a huge frog jumped from the bank into 
the stream with a big "plop." This brought to mind the 
science classes in which the boys had studied grouping and 
classifying plants and animals. The boys started to discuss 
the frog and how Carl Linnaeus set up a system of classifica-
tion. 
One of the boys remarked, "There must be an easier 
way to classify animals, one which is not so complicated." 
All the boys agreed that Linnaeus's system was rather 
difficult and complicated. 
Pete said, 11 If you can figure out a method which is 
easier, I am sure the scientists would like to know about 
it." 
The boys then decided maybe they could figure something 
out. They discussed the idea for quite some time. Sam said, 
"I have it. They could be classified according to where they 
live." 
What is good about Sam's idea? What animals can you 
mention which Sam would not be able to classify? What 
other ideas have scientists tried? 
/ 
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Betty and Sue were having a wonderful time at their 
friend's camp one afternoon. In one of the flower beds the 
girls discovered two very strange looking creatures. Their 
feelers, or antenna, had little knobs at the ends. Betty 
and Sue captured the two animals and put them into two large, 
old jars. They watched the jars for quite some time. Betty 
remarked, "This is a rather large moth I have here.n 
Sue said, "That's not a moth! You have a butterfly!" 
The argument between the two girls continued for sometime. 
Can you help the girls? Did Betty have a moth or a 
butterfly? 
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While on a nature walk, a class and their teacher 
decided that the vertebrate animals which they aaw seemed 
to be much larger then any of the invertebrate animals. In 
discussing this idea, they decided to check to see what 
inf'ormation they could find which would back up their ideE. 
When back in the class room they found several pictures 
of invertebrates such as the octopus and the giant squids 
which grew to rather large sizes. Still, it seemed that 
most of our largest animals are vertebrate animals. 
Do you agree with this? Do you have any ideas why the 
animals in the vertebrate groups would be our largest? 
Are there any characteristics of structure which we should 
consider? 
Octopus 
SUGGESTED SP:EXJIFIC STORIES IN OTHER AREAS 
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Mary's mother decided to rearrange the furniture in her 
living room. After she had moved the furniture she thought it 
would look better if she moved the pictures on the wall to a 
different position. Mary proceeded to help her mother move 
the pictures on the wall. As they started to look around the 
room to see just where they wanted to hang them, Mary noticed 
something strange. The paper under the pictures had changed 
color. 
What had caused the paper to change color? 
Joe spent part of his summer vacation in North Carolina 
visiting his cousin. Joe found his cousin had a most inter-
esting hobby. He liked to study the stars and constellations. 
Joe became very interested and could hardly wait to tell his 
sister Patty all the things he had discovered in the heavens. 
He arrived home in Massachusetts excited about his new 
hobby. Joe began to explain to Patty. Patty inquired, "Did 
you see the Southern Cross?" 
Joe replied, "Of course not. I couldn't see the Southern 
Cross from North Carolina." 
Why couldn't Joe see this constellation from South 
Carolina? Do you know some constellations which Joe did see? 
+ 
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Jeff's mother found it necessary to go in town in the 
afternoon to do some shopping. She left a note for Jeff to 
prepare eggs for his lunch. After lunch Jeff picked up the 
dishes and placed them in the sink. He then hurried back to 
school so he would not be late for the afternoon session. 
Mother arrived home sometime later. She was very much 
surprised to find that her best silver was stained. 
Could you make a statement which would explain the 
change which took place? How could Jeff prevent this from 
happening another time? 
SUGGESTED ANSWERS :B'O.Ii I-ROBLbMS 
6~ 
MAGNETISM 
The magnet will pick up the tin can in this experiment. 
A tin can is not made of pure tin. It is made from a sheet 
of steel coated with a very thin layer of tin. A magnet 
will attract iron and steel objects. The force of the magnet 
will pass right through the thin layer of tin and attract 
the steel underneath. 
A hammer with a magnetic head will prevent people from 
pounding their fingers. When pounding tacks, one should 
place the head of the tack on the magnetic hammer. It would 
not be necessary to hold the tack with the fingers. If the 
magnetic hammer received a great deal of use and severe 
pounding, the magnetism would probably become weaker. 
The story which Timmy read in the library book could 
not be a true story. The magnet will not attract many coins. 
Most coins are made from a combination of metals. Some metals 
used are: gold, silver, and copper. The five cent piece which 
we call a nickel is not pure nickel. It contains too much 
copper to be magnetic. 
67' 
MAGNETISM 
A magnet will not separate the iron rust into iron 
and oxygen. Iron rust is actually iron oxide, a combination 
of iron and oxygen. When these two materials combine an 
entirely different material is formed. The magnet will 
not separate the two elements. 
Dan is correct. A compass does not point true north. 
A compass points magnetic north which is approximately 
23 degrees west of true north. The only time a compass 
will point true north is when one is standing on the line 
of no variation. 
Dr. Brown was able to remove the particles from Pam's 
eye because the magnet could pick out objects of iron and 
steel. There must have been either iron or steel or an 
alloy of one of these two metals which flew into the eye. 
PLANT LIFE 
Tom and his father could plant the tomatoes after the 
sun goes down. This would prevent the hot sun from beating 
down upon them and cause them to droop. Tom could dampen 
the plants before planting them also. 
The grass under the hose had turned yellow because of 
the lack of sunlight. Green grass needs the sunlight to 
make chlorophyll, the green coloring matter in plants. 
Without chlorophyll, the green plant will no longer appear 
green in color. 
The white carnations were placed in green, red, and 
blue coloring. The coloring traveled up the stem into the 
blossom. The flower which was half red and half green was 
also placed in coloring. The stem of the flower was split. 
One half of the stem was placed in red coloring and the 
other half in green coloring. Ink or food coloring was used 
for this purpose. 
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EXl? ANSION AND CON~f.!RAC~:ION 
The fruit and syrup were very hot when the jars were 
filled. Therefore, this mixture took up more space because 
things expand when heated. When the mixture started to cool, 
it contracted and took up less space. 
The gasoline tank of the car was filled with gasoline 
which was cooled. In the cool gasoline the molecules are 
closer together. Therefore, they would not take up as much 
space and more gas could be put into the tank •. 
After the car was left in the sun all day, the heat 
from the sun caused the gasoline to expand. Once the 
gasoline started to heat and expand it had no place to go 
because the tank was full. It forced its way out around the 
top of the gas tank cover. 
The football was probably blown up during the summer 
when it was very warm. The warm air which was forced into 
the football was expanded. The molecules were further apart. 
As it became cooler, the football softened because the air 
cooled inside the football. Cool air tends to contract. 
EXPANSION AND CONTRACTION 
A pop corn kernel holds a great deal of moisture. When 
the pop corn was held over the fire it became heated. The 
moisture inside the kernel of pop corn was changed to steam. 
The steam expanded as it got hotter. The pressure became so 
great that the kernel burst. 
The water in the engine of a car will boil for many 
reasons. It would be very difficult to limit this to one 
particular answer. The child for which this story is intended 
would probably be too young to understand the mechanics of 
a car. 
The answer for the problem should indicate that the 
water in the engine became heated in some way. The molecules 
in the heated water expand and more space is necessary, so 
some of the water must boil out around the cap. 
The bottles of milk were left on the steps in very 
cold weather. Milk contains a great deal of water. The water 
in the milk expands as it is cooled below 39 degrees. The 
water continued to expand until all the milk was frozen. 
Some of the cream was then forced out through the top of 
the bottle. 
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EV iU?ORA~'ION 
The icicles which were hanging on the northern side 
of the house evaporated.. (They will evaporate even on a 
very cold day.) Some solids will evaporate without melting 
first. Icicles, camphor, and moth balls are some examples. 
Ocean water will evaporata. 'I'he salt in the ocean 
water will not evaporate. The water evaporates in the form 
of water vapor. This water vapor in the air condenses into 
rain. This rain is free from salt. 
Clothes which are hung in very cold weather will freeze 
very rapidly. The clothes will freeze first but will dry 
later. The water in the clothing first freezes and then 
evaporates. 
Jane left the potatoes on the stove with the heat 
turned high for a long period of time. The water molecules 
in the pan became heated and started to move very rapidly. 
They escaped into the air leaving the pot of potatoes 
without any water. 
~· 
EVAPORATION 
Sue found her hands felt cool after the alcohol spilled 
on them. Alcohol evaporates very rapidly. During evaporation, 
heat is absorbed. The heat was removed from Sue's hands; 
hence the cold feeling. 
?3 
ANIMAL LI:F'E 
This is not a true worm. A measuring worm is the larva 
of an insect., It could not be a true worm because worms have 
definite characteristics. These characteristics include:: 
long, soft bodies, no skeletons, and no legs. There are three 
groups of worms; segmented worms, roundworms, and flatwor-ms. 
Tommy and Dale probably gathered several larva of the 
cecropia moth. This moth lays its eggs on willow tree leaves_. 
The larva of the cecropia changes color several times before 
maturity. The larva stage resembles a worm in movement and 
appearance. 
The boys could not use the system of classifying animals 
by their habitat. Some animals live on both land and water. 
They could not classify according to what they are used for 
because some animals serve many purposes. 
B~tty probably had a butterfly. Certain body character-
istics such as the knobbed antenna would give a definite clue. 
Consider also that the girls found these creatures in the 
daytime. Moths appear only at night. 
ANIMAL LIFE 
The students were correct. The largest animals are 
vertebrate animals. They need a body skeleton to keep them 
erect and to aid in movement. 
A 
·"' :. 
SUGGES~ED SPECIFIC STORIES IN 0'1'1:iE.b:. AREAS 
A chemical change had taken place. Probably the paper 
under the pictures was brighter in color because the sun 
had not reached it to fade out the colors. 
Joe could not see the Southern Cross in the summer 
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because it is a constellation which can be seen only by people 
living in the southern hemisphere. Constellations which Joe 
might have seen are: The Big Dipper, Little Dipper, The Lady 
in the Chair, and others. 
The change which took place was a chemical change. 
'l'he reaction of the mixture of egg and mayonnaise on the 
silver spoon caused the spoon to tarnish. 11he tarnish 
w~s silver sulfide. The silver sulfide must be changed to 
metallic silver before it can be removed. 
SUGGES!l1ED AREAS AND STORIES ]'OR :&'U.R'I·HER S'I•U1)Y 
~.5IOITY 
In the spring of the year large flocks of birds rest 
on the electric light wires. One might think this is very 
dangerous but the birds are not harmed. 
Mrs. Jones decided she would iron one afternoon. She 
got out the iron and the ironing board. She plugged in the 
iron and waited for it to heat, but was surprised to find 
that something was wrong. Later, the toaster refused to 
work, also. 
Tommy's mother wanted to make toast for breakfast 
and plugged in the toaster. Nothing happened. Tommy 
discovered that the insulation on the cord was worn and 
frayed. His mother said, "Maybe we have a short circuit." 
Tommy said, "No it could not be a short circuit." 
WEATHER 
Each summer the Smiths open up their cottage by the 
salt water. Mr. Smith brought new hinges and some paint 
from the car to the cottage. 
Mrs. Smith said, "This is very expensive each year, 
replacing the door hinges and painting. Sometimes I wish 
this were not salt water." 
Johnny received a post card from his cousin in 
California who wrote that his father had a job painting 
a bridge with orange paint. His cousin explained that 
his father would continue painting this bridge as long 
as he kept the job. Johnny was puzzled at this remark. 
Tom and Jeff were enjoying a day at the seashore. 
They combed the beach for pretty shells, rocks and drift-
wood, but were very surprised to discover how smooth the 
rocks and driftwood were. 
?8 
LIGHT 
Tom wanted to make a toy for his little sister. He 
cut a circular piece of cardboard and painted the colors 
of the rainbow on it. He thought that his younger sister 
would be surprised by the bright colors spinning around. 
Jim and Joe had an argument about materials which 
reflect light. Joe said, "All materials must reflect light 
if we are able to see them. 
Mike said, "Things which are clear like glass do not 
reflect any light. 11 
Betty watched father as he watered the lawn one bright 
sunny morning. "Oh, look at the rainbow!" Betty cried. 
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